as well as longitudinal sections of mature colonies were used as samples. Initially, granules of about 0.5 um in diameter were produced by multiple condensation and fragmentation of protoplasts and large bodies. Surface growth by granules ensued and infiltration into agar occurred only after 10 to 11 hr of incubation at 37 C. Club-shaped granules were noted and division seemed to take place by simple fission. The development of the characteristic Lphase colony on agar has been the subject of intense interest, and varying observations have been described (7, 8, 11, 12) . Investigation of early growth has been hampered by the relatively low magnification of light microscopy. Transmission electron microscopy is severely limited by the lack of perspective and difficulties in sample preparation. In a previous study we examined the growth in broth of the Lphase variants of' streptococci and demonstrated the scanning electron microscope (SEM) to be an effective tool in studying morphological changes during growth (3). In this report we present and compare our findings by light and scanning electron microscopy of the development and structure of' L-phase agar colonies derived from both stable broth cultures and newly induced protoplasts. Media. Group D L-phase streptococci were cultured in the media described by King and Gooder (5). Group A L-phase streptococci were grown in a medium consisting of Trypticase soy broth (BBL) and 3% (w/v) NaCl. For colony formation 1.2% agar (Difco) was added.
The development and architecture of L-form agar colonies produced from protoplasts and L-phase bodies were studied by both light and scanning electron microscopy. Agar blocks containing L-phase microcolonies of group A Streptococcus strains ADA and GL8 and group D Streptococcus strain F24 as well as longitudinal sections of mature colonies were used as samples. Initially, granules of about 0.5 um in diameter were produced by multiple condensation and fragmentation of protoplasts and large bodies. Surface growth by granules ensued and infiltration into agar occurred only after 10 to 11 hr of incubation at 37 C. Club-shaped granules were noted and division seemed to take place by simple fission. The configuration of large bodies and granules in mature colonies suggested budding as another means of' replication. Acellular spaces inside the colonies appeared to have been formed by lysis of large bodies or by the envelopment of space by the extending growth of minute granules. Whereas no significant strain variation was noted in colonies of less than 24 hr of incubation, fully mature colonies were differentiated on uniform media.
The development of the characteristic Lphase colony on agar has been the subject of intense interest, and varying observations have been described (7, 8, 11, 12) . Investigation of early growth has been hampered by the relatively low magnification of light microscopy. Transmission electron microscopy is severely limited by the lack of perspective and difficulties in sample preparation. In a previous study we examined the growth in broth of the Lphase variants of' streptococci and demonstrated the scanning electron microscope (SEM) to be an effective tool in studying morphological changes during growth (3) . In this report we present and compare our findings by light and scanning electron microscopy of the development and structure of' L-phase agar colonies derived from both stable broth cultures and newly induced protoplasts. Bibb and Straughn (1) .
MATERIALS AND METHODS

Microorganisms
Media. Group D L-phase streptococci were cultured in the media described by King and Gooder (5) . Group A L-phase streptococci were grown in a medium consisting of Trypticase soy broth (BBL) and 3% (w/v) NaCl. For colony formation 1.2% agar (Difco) was added.
Colony formation. Diluted samples from broth cultures at stationary phase or from a protoplast suspension were inoculated upon replicate plates.
Samples containing 104 to 106 colony-forming units (CFU)/ml were used for studies of young colonies
Development of L-form colony from L-phase of' group A Streptococcus strain ADA. Unless otherwise stated, magnification is x540. Fig. 1, 5 hr. Bar = 10 gm. (10) and Palumbo et al. (9) . Averages of 15 to 20 representative colonies were used to determine growth curve.
Light microscopy. Photographs were obtained by employing a Polaroid ED-10 camera (Cambridge, Mass.) and type 107 pack film. Satisfactory calibration was achieved by photography of the ruled grid of a certified hemacytometer.
SEM. Preparative techniques, including glutaraldehyde fixation and critical-point drying, have been described in a previous report (2) . Whenever possible, samples used for light microscopy were also selected for SEM. Polaroid film type 55 P/N was utilized for photomicrographs. The Cambridge Stereoscan electron microscope was operated at 20 kv.
Cross-sections. L-colonies were longitudinally cut by two methods. Fixed and dried agar blocks with individual colonies were embedded in paraffin and sliced by a microtome. Sections (10-.um thick) were placed on 15-mm diameter cover glasses, treated with xylene to remove the wax, and coated with gold/palladium. In the second procedure, fixed blocks were quick-frozen in liquid nitrogen and immediately split with a very thin razor blade. Pieces were then dried by the critical-point method and prepared for the SEM.
RESULTS
Light microscopy of growth. Agar plates were inoculated with stable cultures of streptococcal strains F24-L, ADA-L, and GL8-L and incubated at 37 C for 48 hr. During the first 2 hr, single units, mainly large bodies, and occasional small clusters of 2 to 4 units were found. By 5 hr, growth was detected and consisted of short chains of 2 to 3 units extending from the central group in various directions (Fig. 1) . Growth was in the form of granules 0.5 to 1 gm in diameter which seemed to undergo fission. Between 8 and 10 hr of incubation, the microcolony developed a circular appearance and began to increase in height ( Fig. 2 and 3 ). Beginning at 10 to 11 hr, granules penetrated the agar and formed the characteristic "yolk" of the L-colony (Fig. 4 and 14) . Yolk production was delayed or even inhibited in excessively moist plates. This infiltration generally started from a small focus within an area close to the center of the colony. Upon further incubation, the subsurface zone increased in size but remained distinctly granular. Surface units, however, lost their defined edges and became nondistinct and confluent. Between 12 and 15 hr, acellular areas apparently formed by the circular envelopment of granules around a space (Fig. 5, 13) were first observed. By 18 hr (Fig. 6 ) of incubation the colony was of typical "fried egg" form consisting of a deep, granular center and a lacey surface periphery (Fig. 7,  16 ). For the first 24 hr there were no significant differences among the various strains. Afterwards, strain variances with respect to size and subtle surface features were noted. Fig. 20 , Two large bodies after 1.5 hr. One has collapsed with increased condensation; the other is still spherical but possesses several pits. Fig. 21 , Granules formed by apparent fragmentation. 1.5 hr. Fig. 22, 4 hr. Granules are small and often club-shaped. Fig. 23, 7 hr. Fig. 24, 10 hr. Bar = 5 gim. The formation of the L-form colony from protoplasts of group D streptococci followed the same sequence of development as its Lphase (Fig. 8-16 ). The f'irst indications of growth were detected at 3 hr by the scalloped appearance of the edge of protoplasts (Fig. 8) . Smaller bodies were also seen along the outside of the membrane which suggested fragmentation or budding as the initial mode of replication. Penetration into agar by the newly induced L-phase also began between 10 and 11 hr of incubation.
The early growth of the newly induced Lphase, prior to infiltration into agar, appeared faster than that of the stable culture (ATCC 19635) (Fig. 17) . Whether the comparatively rapid rate of growth is a function of initial Lphase growth from the protoplastic stage or whether the slower growth of' the stable culture was due to mutation and selection during the process of stabilization was not determined. The growth curve of another stable L-phase culture, also derived from strain F24 streptococci, was compared to those depicted in Fig.  17 . This variant, which has been subcultured in our laboratory for 3 years, produced an exponential growth curve whose slope appeared slightly less than that of the newly induced Lform, but greater than that of strain F24-L, ATCC 19635. Scanning electron microscopy of growth. After absorption of the suspending fluid by the agar, pits were observed on the surface of the stable L-phase bodies (Fig. 18, 20) . Pits did not increase in number with exposure to the electron beam, nor were they encountered in older cultures. During the f'ollowing hour large bodies seemed to have condensed, collapsed, and lost their smooth surf'ace (Fig. 19, 20) . The flattened, irregularly edged body continued to fragment and formed multiple granules which thereafter multiplied (Fig. 21) . These granules often measured under 0.5 um in diameter, and occasionally club-shaped f'orms were noted ( Fig. 22 and 23) .
Previous studies had shown that protoplasts of Streptococcus faecium possess a somewhat smooth surface (2) . When protoplasts were placed upon the agar medium, the membrane soon developed wrinkles and, in a manner similar to that of L-phase large bodies, condensed and fragmented (Fig. 26-28 ). Granules tended to remain close together, but when found sufficiently separate, apparent fission was indicated ( Fig. 29 and 30 ). Whereas the colony of group A strain ADA-L was distinctly convex by 10 hr (Fig. 24) , the newly induced L-form colony of' strain F24 remained low to the surface ( Fig. 31 and 32) . Examination of mature L-colonies showed a wide variation in the size of bodies, measuring from 0.3 to over 5 pm. The range in diameter of large bodies also varied with the region of the colony. Groups of smaller bodies were seen at the top and center of the colony whereas the largest bodies were found at the bottom edge (Fig. 34) . Besides possible multiplication by fission, granules seemed to undergo budding as well (Fig. 35) . Throughout all our observations occasional dimpling of the surface of large bodies was noted (Fig. 25, 32, 36, 37) .
Inspection of split colonies showed the usual variation in size of large bodies. Growth was not confluent, however, and small acellular spaces were observed. The growing edge of the central yolk shown in Fig. 37 was of interest. Occasional large bodies of up to 1.5 pm were noted, but the vast majority of bodies were granules of' 0.3 to 0.8 pm in diameter. DISCUSSION A search of' the literature produced only four reports describing in extensive detail the sequential development of the colony of L-phase or cell wall-defective organisms. The study by Schuhmann and Taubeneck (12) of the growth of an L-phase colony of Escherichia coli involved time-lapse photography. In their system the L-phase bodies were extremely pleomorphic; amorphous masses underwent spreading and irregular fragmentation. Colonies did not resemble fried eggs but were surface growth of' brain-like appearance. Marraro et al. (7) investigated cell wall-defective variants of S. faecalis over a 36-day period. Little information regarding earliest growth and agar penetration was presented. They described the formation of' the L-colony as stemming from the massive granulation of a vacuolated, "cartwheel' microcolony. This initial structure was also described by Young and Armstrong in S. Iiquefaciens (13) . Marston studied the induction of the L-form colony of staphylococci and described its development in terms of the aggregation and multiplication of large bodies (8). Liebermeister (6) investigated the L-form growth of' Proteus and showed "sprouting growth via pseudopodia-like protrusions."
Although differing considerably from previous findings, our results are generally consistent with the observations and postulations of Dienes (4) , who also studied streptococcal Fig. 30, 3 hr. Fig. 31, 6 hr. Fig. 32, 10 hr. Wide surface growth of granules and occasional large bodies.
strains ADA-L and GL8-L. If media, species, shares a common pattern of development with and strain differences are responsible for the group A strains. Dienes also observed convarying sequences of maturation, then it ap-densations along the periphery of isolated large pears that group D Streptococcus strain F24-L bodies as the first sign of colony formation. (Fig. 35) . Another possibility would be the growth of only one daughter granule, since the formation of viable granules is inefficient.
The foamy appearance of the L-form colony as seen by light microscopy is for the most part due to vacuolated large bodies, but in addition may also be due to the absence of growth or to lysis. Spaces were also noted by Marraro et al. (7) . They believed, however, that the zones were a result of variances in internal colony pressure rather than the mere absence of growth. Figures 5 and 13 , nevertheless, indicate the latter possibility as the more probable explanation.
Razin and Oliver (11) and Liebermeister (6) described L-phase growth to occur initially inside agar rather than on the surface. Liebermeister further showed that in his system all young growth occurred at the deep center of the colony and forced older elements to the periphery. Our photographs, however, are in agreement with Dienes (4) and Marraro et al. (7) , who described infiltration into agar from surface growth.
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The penetrating edge of the yolk was viewed by Marraro et al. (7) (3) .
